Background
Methods and Results
Using a nationally representative sample of patients with acute myocardial infarction admitted to 162 Chinese hospitals in 2001, 2006 and 2011, we identified 14,958 patients eligible for statin therapy to determine rates of statin use and the intensity of statin therapy, defined as those statin regimens with expected low-density lipoprotein cholesterol lowering of at least 40%, to identify factors associated with the use of statin therapy. Statin use among hospitalized patients with acute myocardial infarction increased from 27 
Introduction
China, a country of more than 1.3 billion people, faces a marked increase in the incidence of acute myocardial infarction (AMI) with an estimated 23 million patients forecasted to experience AMI in 2030 [1] .This creates an imperative to optimize the use of evidence-based therapies that improve patient outcomes. There is compelling scientific evidence demonstrating that statin therapy reduces the rate of major adverse cardiovascular events in patients following after AMI, with so-called "intensive" statin regimens offering the greatest benefit [2] [3] [4] [5] [6] [7] .
Clinical guidelines around the world strongly endorse statin therapy for all patients with AMI [8, 9] . More recently, guidelines endorsed by the American Heart Association and American College of Cardiology (AHA/ACC), recommended "high intensity" statin therapy (defined as those regimens that lower low-density lipoprotein cholesterol (LDL-C) by at least 50%) for patients with AMI [10] . The most recent Chinese guidelines for both non-ST elevation myocardial infarction (published in 2007) and ST elevation myocardial infarction (published in 2010) recommend statin therapy in all patients with AMI, but do not provide specific guidance about the intensity of such therapy [11, 12] . However, the Chinese dyslipidemia guidelines (published in 2007) recommend "intensive" statin treatment in all patients with AMI regardless of baseline LDL-C [13] . Notably, Chinese guidelines define intensive statin therapy as any statin regimen that lowers LDL-C by at least 40% (as opposed to the 50% reduction required by the ACC/ AHA guidelines). This definition is congruent with observations that Chinese patients, as compared with Caucasian patients, have lower LDL-C levels, and are more likely to experience adverse reactions to statins [14] .
A recent analysis of a nationally-representative sample of Chinese patients with STEMI, statin use increased 3-fold between 2001 and 2011 [15] .Although this study provided initial insights into the extent of statin use in China, it did not provide information about use in a broad spectrum of patients with AMI, the intensity of statin therapy, or regional variation in use. Given that health care resources are not evenly distributed in China [16] , it is important to understand if there are disparities in the use of statins among patients with AMI in China. Finally, understanding factors associated with lack of statin use can inform efforts to improve current prescription practices of statin therapy.
Accordingly, we performed a detailed analysis of statin utilization as part of a national quality assessment of AMI that uses data collected in the China Patient-Centered Evaluative Assessment of Cardiac Events Retrospective Study of Acute Myocardial Infarction (China PEACE-Retrospective AMI Study).Specifically, our research objectives were to:(1) determine current rates of and temporal trends in statin therapy, and intensive statin therapy, among eligible patients hospitalized with AMI in China; (2) assess regional variation in statin therapy; 
Methods

Design Overview of China PEACE-Retrospective AMI Study
Full details of the design and methods of the China-PEACE Retrospective-AMI study have been published previously [17] . In brief, we created a nationally representative sample of AMI hospitalizations during 2001, 2006 , and 2011 with a two-stage random sampling design. In the first stage, we identified hospitals using a simple random sampling procedure within each of the 5 study strata: Eastern-rural, Central-rural, Western-rural, Eastern-urban, and Central/ Western-urban regions. Since hospital volumes and clinical capacities differ between urban and rural areas as well among the three official economic-geographic regions (Eastern, Central, and Western) of Mainland China, we combined Central and Western urban regions together given their similar per capita income and health services capacity. According to government documents, there were 6623 non-military hospitals in 2011. We excluded prison hospitals, specialized hospitals without a cardiovascular disease division, and traditional Chinese medicine hospitals. In the 3 rural strata, the sampling framework consisted of the central hospital in each of the predefined rural regions (2010 central hospitals in 2010 rural regions). In each of the 2 urban strata, the sampling framework consisted of the highest-level hospitals in each of the predefined urban regions (833 hospitals in 287 urban regions) (Fig 1) . We randomly sampled all the central hospitals in rural regions and all of the highest-level hospitals in urban regions, and excluded hospitals that neither admitted patients with acute myocardial infarction or refused to participate. Since the majority of hospitals in China are publicly owned and administered, hospital closure is rare. The study cohort should be most representative of national treatment patterns and outcomes in 2011. Therefore, we selected representative hospitals from 2011 to reflect current practices and traced this cohort of hospitals back to 2006 and 2001 to describe temporal trends. In the second sampling stage, we identified cases based on the local hospital database for patients with AMI in each year at each sampled hospital using systematic random sampling procedures. In each of the 5 study strata, we determined the sample size required to achieve a 2% precision for describing the primary outcome, in-hospital mortality, which we had estimated to be approximately 9% in urban hospitals and 7% in rural county-level hospitals. We doubled the cluster sizes for 2011 to improve precision in the description of contemporary hospital-level treatment patterns and outcomes. Patients with AMI were identified using International Classification of Diseases-Clinical Modification codes, including versions 9 (410.xx) and 10 (I21.xx)-information that the Ministry of Health in China requires to be included in medical charts. When this data was unavailable, site coordinators manually searched the hospital's written log to identify hospitalizations for AMI. Only patients with a definite discharge of AMI were included in the study sample. In any case where the diagnosis of AMI was unclear, the site coordinator reviewed the original medical records. Data were collected via standardized central medical record abstraction using standardized data definitions. We adopted rigorous monitoring at each stage to ensure data quality. Data abstraction quality was monitored by randomly auditing 5% of records, with overall accuracy of the variables being more than 98% [17] . transmitted the records to the NCCD after de-identification. The study is registered at www. clinicaltrials.gov (NCT01624883).
Study Sample
We sampled 175 hospitals, of which 7 were excluded because they did not admit patients with AMI and 6 declined to participate. Within the 162 remaining hospitals, there were 31,601 hospitalizations for AMI in 2001, 2006 and 2011, from which we sampled 18,631 cases and acquired medical records for 18,110 cases (97.2%). After exclusion of cases not appropriate for study (including uninterpretable medical charts, duplicate cases, non-AMI diagnoses, cases not within study periods, and AMI that occurred during hospitalization), we identified 16,100 patients with a definitive discharge diagnosis of AMI that were representative of all patients hospitalized for AMI in China in 2001, 2006, and 2011. We excluded the following patients: who died within 24 hours (n = 508), were transferred out within 24 hours (n = 299), were discharged within 24 hours (n = 334), because these patients may not have the opportunity to receive statin therapy. Among the remaining patients, we excluded patients who had a documented contraindication to statin that was described by the physician in the medical record (n = 1), 14,958 patients with AMI, who were eligible for statin therapy remained and were included in our analysis ( 
Variables
We abstracted information about patient demographics (age, gender), cardiovascular risk factors (hypertension, diabetes, dyslipidemia, smoking), medical history (myocardial infarction, ischemic stroke, hemorrhagic stroke), presenting symptoms(chest pain, cardiac arrest, cardiac shock), laboratory results, diagnostic procedures, treatments, timing of care delivery and hospital outcomes from the medical record; the full details of the medical record abstraction have been described previously [17] . The presence of comorbidities, including hypertension, diabetes, and dyslipidemia, were recorded when such conditions were documented by the treating physicians in the hospital medical record (admission notes, discharge diagnosis or positive laboratory test results). To ensure that all patients with dyslipidemia were identified, we further assigned a diagnosis of dyslipidemia on the basis of lipid panels measured during AMI admission. Dyslipidemia was defined as total cholesterol greater than 5.18 mmol/L,LDL-C greater than or equal to 3.37 mmol/L, or high-density lipoprotein less than 1.04 mmol/Lfor men or less than 1.30 mmol/L for women [18] .
Statin Therapy and Intensive Statin Therapy
The type and dosage of statin therapy were determined by reviewing the last physician order before discharge or in-hospital death. Subsequently, we identified patients receiving intensive statin therapy, which was defined as statins dosed at a level expected to lower LDL-C by at least 40% according to the Chinese guideline [13] , rather than the ACC/AHA recommendation for doses expected to lower LDL-C by at least 50% [10] . This difference reflects the lower average LDL-C levels of Chinese and the concern about safety [14] . The details of statin regimens grouped by intensity were shown in (S1 Table) [10, 19] .
Statistical analysis
Categorical variables were described as frequencies with percentages. We transformed two continuous variables (i.e. age and LDL-C level) into categorical variables according to clinically meaningful cutoff values. We categorized age by 10-year age groups (<55, 55-64, 65-74, 75 years) and LDL-C levels by clinically meaningful cutoff values (<1.81, 1.81-2.59, 2.60-3.37, >3.37 mmol/L). Missing age values, which occurred infrequently (0.1%), were imputed as the overall median. To assess differences between patients with and without statin therapy, we used chi-square testing for categorical variables.
To estimate the use of statin therapy among the entire Chinese population with AMI, we applied weights proportional to the inverse sampling fraction of hospitals within each stratum, and the sampling fraction of patients within each hospital to account for differences in the sampling fraction for each time period. We also stratified the unweighted rate of statin therapy among eligible patients by the five defined regions and baseline LDL-C level, separately. Trends in the use of statin therapy over time were evaluated by Cochran-Armitage test for trend.
To adjust for multiple factors and identify factors associated with any statin therapy, a multilevel logistic regression model using generalized estimating equation to account for clustering of patients within hospitals was used. In order to reflect current practice patterns, we restricted this analysis to patients hospitalized in 2011.Candidate explanatory variables, which were based on clinical judgment and literature review, included demographic characteristics (age and gender), cardiovascular risk factors (hypertension, diabetes, dyslipidemia, smoker) medical history (myocardial infarction, ischemic stroke, hemorrhagic stroke), clinical characteristics at admission (chest discomfort, cardiac arrest, cardiac shock), in-hospital management(fibrinolysis, percutaneous coronary intervention), AMI type (STEMI, NSTEMI), LDL-C level, economic-geographic region characteristics and urban/rural region. Similarly, we examined patient characteristics associated with receiving intensity statin therapy among patients who were hospitalized in 2011 and had documented statin dosage. We included all above candidate variables. We performed backward stepwise selection method (with a cutoff significance level of 0.05) to determine variables for inclusion in the final model. Odds ratios (OR) and 95% confidential intervals (CI) were reported for both logistic regression analyses. All tests of statistical significance were 2-sided, with a P<0.05 considered statistically significant. Statistical analysis was performed using SAS software (version 9.2, SAS Institute, Cary, NC).
Results
Study Sample
There were 14,958 patients with AMI in our study. The proportion of male patients was 70.3%. Comorbidities were common, 60.5% of patients had dyslipidemia, 50.9%hypertension, and 20.3% diabetes. Additionally, prior cardiovascular disease was frequent, with 10.8% having a history of myocardial infarction and 10.3% having history of ischemic stroke (Table 1) .
Statin therapy and Intensive Statin Therapy
Notably, the proportion of eligible patients receiving any statin therapy increased over the past decade from 27.9% (weighted rate 29.4%) in 2001, to 72.5% (weighted rate 74.8%) in 2006, and then to 88.8% (weighted rate 90.7%) in 2011 (P<0.001 for trend).
The rate of statin therapy increased in all regions over time, and the variation in statin use across regions decreased. In 2001, the rate of statin use ranged from 7.4% in Western-rural to 42.9% in Eastern-urban, but by 2011, it ranged from 78.1% in Central-rural to 92.3% in Eastern-urban (Fig 2) . Similarly, the rates of statin therapy increased overtime regardless LDL-C level (S1 Fig) . Among patients treated with statins (Table 2) , the proportion of patients receiving intensive statin therapy increased from1.0% in 2001 to 24.2% in 2006 and 57.2% in 2011 (Fig 3) . Although the rates of intensive statin therapy increased in all regions, wide variation persisted in 2011, ranging from 21.0% in the Central-rural region to 73.0% in Eastern-urban (P for overall<0.001) (Fig 4) .
Factors associated with use of any statin therapy in 2011
In the multivariable model, several patient and hospital factors were associated with any statin therapy in 2011 (Fig 5) . Patients whose LDL-C was not measured during the hospitalization were significantly less likely to receive statin therapy (OR = 0.66; 95% CI 0.47-0.93, P<0.001), patients with LDL-C 2.6-3.37 mmol/L (OR = 1.52; 95%CI 1.18-1.95, P<0.001) or LDL-C >3.37 mmol/L (OR = 1.72; 95% CI 1.21-2.45, P<0.001) were more likely to receive statin therapy than those with LDL-C<1.81mmol/L. Smoking and hypertension were also associated with more likely to receive statin therapy.
Factors associated with use of intensive statin therapy in 2011
In the multivariable model including patients receiving any statin therapy (Fig 6) , intensive therapy was used less often in women (OR = 0.85; 95%CI 0.74-0.98, P<0.001), patients with prior ischemic stroke(OR = 0.80; 95%CI 0.65-0.98, P<0.001) and patients without LDL-C measured (OR = 0.61; 95%CI 0.43-0.86, P<0.001). In contrast, patients receiving PCI were more likely to receive intensity statin therapy (OR = 2.70; 95%CI 1.99-3.66, P<0.001).
After accounting for differences in patient factors, those hospitalized in rural hospitals were also less likely to receive intensive statin therapy compared with those in urban hospitals (OR = 0.37;95%CI 0.21-0.63, P<0.001). In addition, patients in Eastern region (the most developed region in China) were more likely to receive intensive statin therapy (OR = 2.39; 95% CI 1.11-5.12, P<0.001) compared with those in Western region.
Discussion
In this first national quality assessment of statin use among hospitalized patients with AMI in China, we found a substantial increase in the use of these drugs among patients with AMI over the past decade. However, there is still a substantial opportunity for further improvement because 10% of eligible patients were not treated with these potentially life-saving drugs in 2011. Additionally, among patients receiving statin therapy, almost half did not receive intensive therapy as defined by Chinese practice guidelines. While there were gains in both rural and urban regions, as well as all economic-geographic regions, notable variation persisted in 2011. Notably, patients receiving care in rural hospitals were significantly less likely to receive a statin of any intensity. The increase in statin use from 2001 and 2011 in China represents a substantial improvement in the use of evidence-based care for patients with AMI. Several factors may have driven this improvement. For example, accumulating evidence of benefit of statins led codification of statins use in guidelines [8, 11, [20] [21] ,and an increased awareness of the fact that statins are simple and generally safe. In addition, the increasing coverage provided by medical insurance programs and the decrease in out-of-pocket payment for statins may also contribute to the improvements observed in our study [22, 23] .
Despite high rates of statin use, intensive statin regimens, which are recommended by many guidelines, were only used in just over half of patients with AMI in China in 2011. Similar gaps have also been observed in the US [24] , France [25] , and Canada [26] , although the higher threshold for LDL-C lowering of 50% was used to defined intensive therapy in these countries. Potential barriers to the greater use of intensive statin regimens could include physicians' concerns about dose-dependent adverse effects of statin [27, 28] , an especially pertinent consideration given the increased risk of adverse events among Chinese patients [14] . Moreover, previous studies have shown that Asian patients need lower statin dosage to achieve the same LDL-lowering efficacy [29] , and the highest approved dosages of some statins are lower in China than Western countries. Although these factors may discourage the use of higher dose statin, we defined intensive therapy based upon the Chinese guidelines, which are more conservative than US guidelines. Finally, the challenges in the structure of healthcare systems might create barriers that impede best practice,. The suboptimal use of intensive statin therapy highlights an important opportunity to improve care and reduce disparities.
Additionally, certain patient groups were particularly likely to be untreated or undertreated. Women were less likely to be treated with intensive statin therapy, a finding consistent with a recent analysis in the United States [30] . Since some studies have shown that women may experience more side effects from statin therapy compared with men [31, 32] , the sex differences observed in our study may reflect physician's concerns about the risks associated with statin therapy. Patients with a history of ischemic stroke were less likely to receive intensive statin therapy, which was consistent with a previous study report in China [33] . This may reflect concerns about the possible association between statin therapy and hemorrhagic stroke, the incidence of which is much higher in China than in the West [34] . Additionally, those without LDL-C measurement were much less likely to receive any statin therapy as well intensive statin therapy, a finding consistent with previous studies [35, 36] .Taken together with our complementary finding that those with higher LDL-C were more likely to receive statin therapy, our study supports the hypothesis that physicians' decisions about statin use are still guided by measurements of LDL-C, a practice that is not now endorsed by guidelines [37] . Educational efforts are needed to emphasize the benefits of statin therapy for all patients with AMI who tolerate this treatment and to construct performance measures to support broader and more consistent adoption of current guidelines for statin therapy.
While hospitals across all economic-geographical regions improved, disparities between them persisted: patients treated in rural centers were less likely to receive intensive statin therapy in 2011. A number of factors may explain this observation. Differences in per capita income, which are marked between urban and rural, are likely to influence the utilization of medical resources. Despite health care reforms, medical insurance still does not cover the full cost of statin therapy [23] , leaving patients with lower income at particular risk for under-use. Another explanation for the differences in statin utilization according to hospital location is that many urban hospitals are staffed with cardiovascular specialists [16] ,and the availability of practitioners with greater condition-specific expertise may explain higher rates of statin use. In contrast, most rural hospitals, which together are responsible for the care of more than half of China's population, have limited clinical capacity for advanced cardiac care and limited funding [16] . Initiatives to improve statin utilization that emphasize rural hospitals could have an important impact on the disparities noted in this national quality assessment. This is the first nationally representative study evaluating trends and disparities for statin utilization among patients with AMI hospitalized in China. The findings of our study have important implications for efforts to understand past performance and to improve the quality of AMI care in China. These findings will serve as the foundation for future national quality improvement efforts to overcome the barriers for the appropriate use of intensive statin therapy.
Several limitations of our study should be noted. First, as with all retrospective studies, it was limited by the quality of documentation in the medical records. To ensure our approach to data collection was accurate, we independently re-abstracted 5% medical records noting accuracy rates exceeding 98% and giving us great confidence in the accuracy of the abstraction process. Second, it is possible that our approach underestimated the number of patients with contraindications to statin therapy because there may have been poor documentation of contraindication in the medical chart, which could indicate another opportunity to improve the transparency and quality of care. Third, we did not collect the information about statin therapy before admission, which might influence decisions around statin use and dosing. Finally, we did not collect other factors, such as physicians' attitude about intensive statin therapy or patients' refusal of treatments, which have the potential to influence rates of statin utilization.
Conclusion
This national quality assessment found that the use of statin among patients with AMI in China increased sharply over the past decade; however, several opportunities to improve care persist, particularly with regards to the use of intensive statin therapy. Our findings highlight an opportunity for better translation of evidence into clinical practice with a focus on more consistent care throughout China. 
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